Summary
Intramuscular injection of selected ratios of ketamine and xylazine provided smooth anaesthetic induction, a wide safety margin, and no significant undesirable side effects. Induction and recovery times, duration of anaesthesia, and thermoregulatory ability can be affected by different combinations of ketamine and xylazine. The addition of xylazine to ketamine increases muscle relaxation, recovery time, and duration of anaesthesia, while generally decreasing induction time and thermoregulatory ability.
The advantages of effective muscle relaxation and adequate duration of anaesthesia have been reported with the use of a combination of ketamine and xylazine in cats (Amend, Klavano & Stone, 1972) , rats (Van Pelt, 1977) rabbits (White & Holmes, 1976) monkeys (Banknieder, Phillips, Jackson & Vinal, 1978) , horses (Mvir, Skarda & Milne, 1979) and pigs (Kyle, Novak & Bolooki, 1979) . In the rhesus monkey study only a single ratio (5 : 1) of ketamine to xylazine was used, and the effect of xylazine alone was not evaluated.
The present study was undertaken to see whether different ratios of the drugs might better serve certain applications, and to examine the effects of xylazine and of ketamine alone.
Materials and methods 4 female and 2 male adult rhesus monkeys (Macaca mulaua), weighing 5-12 kg, were used. The animals were not fasted prior to anaesthetization, although injection of the drugs immediately following feeding was avoided. To reduce the possibility of developing drug tolerance in multiple trials on single monkeys, individuals were anaesthetized at most once every 7 days. ( Table 1) and administered by a single injection in the lateral thigh. All experiments were carried out in the primate holding room which was maintained at 22 ± 3°e. In separate trials, each of the 6 animals was given at least 14 of the 20 different doses of ketamine, xylazine or both used for this study (Table 1) .
The period following administration of the drug was divided by the nature of events into: induction timethe time from injection until the animal sank from normal posture to lying with its head on the floor of the cage and was unresponsive to a pinprick; duration of anaesthesia-the time from involuntary recumbency and loss of pinprick response to the time that response to pinprick was regained; recovery time-the time from 1st positive response to pinprick until the monkey could maintain a sitting posture.
Tests for superficial pain (pinprick), pedal, corneal and startle (to loud handclap) responses were performed frequently during the period of anaesthesia. At the same time, respiratory frequency, muscle toneon a subjective scale of 0 (flaccid) to 5 (normal tone)-and amount of salivation were recorded.
Results
Xylazine in doses of less than 2 mg/kg did not produce anaesthesia, but 2 mg/kg produced pronounced sedation. The monkeys assumed a sitting posture, with head slumped forward and eyes closed. When touched, or when noise was made by tapping on the cage, the animals often reacted by standing for a short period, or even by moving about the cage in a coordinated manner before slumping back to a lethargic sitting position. The addition of xylazine to ketamine (Table I ) increased the mean duration of anaesthesia as a logarithmic function of the xylazine dose. The slopes of the curves (Fig. I) . relating xylazine dose to 'mean recumbency time' (duration of anaesthesia plus recovery time) were not significantly different when compared using analysis of covariance.
Discussion
The results indicate that deep anaesthesia with complete muscle relaxation and a wide safety margin (since respiratory depression is not severe) can be achieved in rhesus monkeys by suitable combined Naccarato & Hunter Ketamine alone did not produce anaesthesia in doses of 2·5 mg/kg or less. The addition of xylazine to ketamine markedly increased the duration of anaesthesia, and induction and recovery times were influenced by their proportions (Table 1) . Fig. 1 illustrates the effect of increasing doses of xylazine added to various doses of ketamine. Depending on requirements for induction time, duration of anaesthesia, recovery time and maintenance of body temperature, the most effective ratio could be chosen by referring to Fig I and Table 1 .
Induction was smooth at all doses except for an animal which on one occasion became delirious and thrashed about the cage during the induction period following administration of 10 mg/kg ketamine alone. The only responses that could be described as undesirable were heavy salivation in some animals (especiaHy during induction) and decreased rectal temperature.
This impairment of thermoregulation (Banknieder et at., 1978) appears to be due largely to xylazine as it has not been found when using ketamine alone (Hunter, Holmes, Hipskind & Mueller, 1974) . In 2 separate experiments on a monkey which was maintained on continuous injection (im) of ketamine at rate of 0·8 mg/kg min, we observed that rectal temperature fell sharply following an injection of 1 mg/kg xylazine.
Despite the elTect of xylazine on thermoregulation, it was not found necessary to employ warming procedures when working at room temperatures of about 23°C.
